Patterns of DWI findings that predict recurrent ischemic events after TIA are well-established, but similar assessments of intracranial MRA findings are not available. We sought to determine the imaging characteristics of MRA that are predictive of early recurrent stroke/ TIA in patients with TIA.
T
IA is associated with high early risk of stroke. This risk is approximately 5% at 7 days, with the greatest risk occurring in the first 48 hours. [1] [2] [3] Urgent evaluation and management of patients in a dedicated TIA unit can reduce early risk of stroke. 1 The clinical ABCD 2 score helps identify patients at high risk. 4, 5 Acute MR imaging abnormalities are associated with early risk of stroke after TIA. 6 DWI lesions appear to improve accurate identification of patients at high risk of stroke. 7 The risk of stroke is further enhanced in the presence of intracranial artery occlusion on MRA. 8 However, it is unknown whether stenotic nonocclusive lesions on MRA are also associated with early risk of stroke. 9 In addition, the effect of lesion location within the intracranial arterial tree has not been evaluated. In the present study, we sought to determine the imaging characteristics of MRA associated with increased risk of early recurrent stroke/TIA in patients with TIA.
Materials and Methods
We performed a retrospective analysis of 129 patients consecutively admitted to the TIA clinic of our institution from June 2009 to January 2011. Patients were included in the present analysis if they had transient neurologic dysfunction caused by focal brain ischemia with or without evidence of acute infarction on DWI. 10 We also included patients with persisting minor clinical signs as defined by an NIHSS score of Յ2 on admission. 11 Patients with isolated amaurosis fugax or diagnoses other than TIA at examination were excluded. All patients were evaluated by the same senior vascular neurologist (N.N.). The initial work-up for patients admitted to the TIA clinic includes MR imaging, intracranial 3D TOF MRA, duplex carotid imaging, EKG, and routine blood studies. To be included in the present study, patients had to undergo MR imaging with a TOF technique within 24 hours of symptom onset. The study was approved by the medical institutional review board and local ethics committee.
MR Imaging Examination
MR imaging was performed with two 1.5T MR imaging systems (Gyroscan NT Intera; Philips Healthcare, Best, the Netherlands and Magnetom Avanto; Siemens, Erlangen, Germany). Fast protocol included axial FLAIR-weighted images, diffusion-weighted images (b ϭ 0 -1000 mm 2 /s), and 3D TOF images of the circle of Willis. ADC maps were constructed by linear least-squares fit on a pixel-by-pixel basis. MR angiograms were obtained by using the following imaging parameters: 25/7 ms (TR/TE), flip angle of 25°, five slabs, effective section thickness of 0.8 mm, FOV of 180 mm, and matrix of 256 ϫ 202. The angiographic images were reconstructed with an MIP algorithm.
Two sets of 15 MIP images were obtained by rotation of the stacked images along the horizontal and vertical axes. Evaluation of intracranial vasculature included anterior, middle, and posterior cerebral arteries; carotid siphon; and basilar arteries. We defined proximal vessels as the following: the entire M1 (trunk of the MCA), A1 (precommunicating segment of the anterior cerebral artery), P1 (precommunicating segment of the posterior cerebral artery), V4 (intracranial vertebral artery) segments, the distal ICA, and the basilar artery. The degree of cerebral artery stenosis was assessed visually according a 3-grade scale: grade 0 (0%-50% of vascular diameter), grade 1 (51%-99% of the vascular diameter or a significant stenosis with residual flow signal downstream), and grade 2 (occlusion or a vascular amputation without residual signal flow downstream). Arterial stenoses were graded by comparing the diameter of the maximally stenosed artery with the diameter of the more proximal normal segment of the same vessel. 12 At admission, consultant neuroradiologists (A.F., I.C.) first evaluated these lesions. Then for this study, images were analyzed retrospectively and independently by a second neuroradiologist (G.S.-Y.-K.), who was blinded to the clinical features. In case of doubt or discordance, the final staging of stenosis was determined by an experienced senior neuroradiologist (F.B.), also blinded to clinical data.
A significant MRA lesion was defined as a stenosis of Ͼ50% or occlusion (grade 1 or 2, respectively). Retrospectively, all significant stenoses were identified as symptomatic if they supplied the infarcted area, as observed on DWI. When no cerebral ischemic lesion was found on this latter sequence, a stenosis or an occlusion was judged as symptomatic if clinical symptoms could be related to the downstream brain parenchyma.
Clinical Data
We collected the following baseline clinical data: sex, age, blood pressure, clinical impairment and other neurologic abnormalities, duration of symptoms, and diabetes mellitus (items that contribute to the ABCD 2 score); cigarette smoking; hypercholesterolemia; and duration since the first clinical symptom. Hypertension was defined as systolic blood pressure of Ն140 mm Hg, diastolic blood pressure of Ն90 mm Hg, or current use of antihypertensive medication. Diabetes mellitus was diagnosed when fasting blood glucose was Ն126 mg/dL or there was current use of antidiabetic medication. Atrial fibrillation was characterized as a history of current electrocardiographically documented intermittent or persistent atrial fibrillation on an EKG. We calculated the ABCD 2 score by using the threshold of 44 to classify patients at low risk (scores, 0 -3) or moderate-high risk of stroke (scores, Ն4).
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Process of Care
After initial evaluation, patients were discharged unless they fulfilled predefined criteria for hospitalization in the stroke unit: ABCD 2 score Ն4, acute abnormal findings on DWI, symptomatic intracranial stenosis or occlusion on MRA, extracranial carotid artery stenosis Ͼ50% on carotid duplex imaging, and intermittent or persistent atrial fibrillation. Patients with proximal intracranial artery stenosis or occlusion considered symptomatic after neurologic examination were treated with aspirin combined with clopidogrel. Patients with symptomatic extracranial carotid stenosis were screened for microembolic signals by using transcranial Doppler continuous monitoring of the symptomatic middle cerebral artery. 13 Patients with embolic signals were treated with aspirin combined with clopidogrel. Patients without embolic signals were treated with aspirin alone. Patients with atrial fibrillation or another high-risk cardiac source of embolism were treated with anticoagulants. Other patients were treated with aspirin alone. All patients discharged home were followed up in the clinic with face-to-face interviews by the same neurologist seen at admission within a month from symptom onset. Patients were carefully screened for recurrent vascular events. Early ischemic recurrence was defined as recurrent stroke or TIA within 7 days of symptom onset. The clinical severity of recurrent stroke was evaluated by using the NIHSS.
Statistical Methods
All analyses were performed with the Statistical Package for the Social Sciences, Version 14.0 software (SPSS, Chicago, Illinois). We used the Student t test for continuous variables and contingency tables with the Fisher exact test for qualitative variables. All tests were 2-sided. Sensitivity, specificity, positive predictive value, negative predictive value, and unadjusted odds ratios with their 95% confidence intervals were calculated to evaluate the performance of MR imaging variables in the prediction of early recurrent stroke or TIA. Tested MR imaging variables included the following: Ͼ50% stenosis or occlusion of the proximal intracranial artery as defined above, Ͼ50% stenosis or occlusion of the intracranial artery (distal or proximal), and an acute ischemic lesion on DWI. We used logistic regression analysis to adjust for the ABCD 2 score. A P value Ͻ.05 was applied for significance. 
Results
MRA and DWI Data
Sixteen (12.4%) patients had symptomatic significant intracranial artery lesions. Thirteen had grade 1 stenosis, and 3 had occlusion. MRA lesions were classified as proximal in 11 (8.5%) patients and distal in 5 patients. The agreement between both observers in interpreting 3D TOF images was perfect for 96% of patients. Characteristics of patients and findings on DWI stratified by MRA lesions are summarized in Table 1 . Diabetes was marginally more common in patients with MRA lesions (P ϭ .07). Extracranial carotid stenosis and atrial fibrillation were not associated with MRA lesions. DWI showed acute cerebral infarction in 42 (32.5%) patients. Most (81.2%) patients with significant MRA lesions but only 25.6% of patients without significant MRA lesions had associated acute infarction on DWI (P Ͻ .001).
Clinical Outcome
There was no recurrent neurologic event during follow-up among patients discharged home. Nine (5%) patients who were hospitalized according to the predefined criteria for hospitalization had early cerebral ischemic recurrence (7 TIAs, 2 minor strokes, NIHSS score at discharge ϭ 1 for both). All recurrences occurred within 48 hours of the initial TIA. Indi-vidual data from patients with recurrence are summarized in Table 2 . Three of the 9 patients had symptomatic MRA lesions (grade 1 proximal stenosis in 2 patients and proximal occlusion in 1 patient), and 3 patients (2 with MRA lesions) had acute infarction on DWI. All recurrences among patients with steno-occlusive lesions on MRA were in the territory of the stenotic/occluded artery. The performance of MR imaging variables as predictors of recurrent TIA or stroke within 7 days is summarized in Table 3 . The presence of significant stenosis or occlusion on proximal intracranial vessels at baseline was significantly correlated with early recurrent stroke/TIA (P ϭ .03) with a high specificity (93.3%) but a low sensitivity (33.3%) (Figs 1 and 2 ).The correlation of symptomatic stenosis or occlusion at any site (distal or proximal) with early recurrence was weaker and not statistically significant. DWI did not predict early recurrent stroke/TIA. Early recurrence was associated with an ABCD 2 score of Ն4 (P ϭ .03) but not with extracranial carotid stenosis or atrial fibrillation (Table 4) . In multivariate analysis, if one adjusted for the ABCD 2 score, a proximal lesion on MRA remained significantly associated with early recurrent stroke/TIA (OR, 5.5; 95% CI, 1.1-27.8; P ϭ .04). The rate of early recurrence was 27.3% in patients with MRA proximal lesions, and among patients without MRA proximal lesions, it was 10.2% in patients with ABCD 2 scores of Ն4% and 0% in patients with ABCD 2 scores of Ͻ4.
Discussion
We have evaluated the performance of TOF-MRA as a predictor of recurrent stroke/TIA at 7 days in patients with TIA. We found that Ͼ50% stenosis or occlusion of a large proximal intracranial symptomatic artery was significantly associated with recurrent stroke/TIA. The usefulness of MRA to predict stroke recurrence after TIA has been previously reported by other investigators. Coutts et al 8 found a greater risk of recurrent stroke at 90 days among 120 patients with TIA or minor stroke in the presence of an intracranial vessel occlusion on MRA. Our study confirms this finding and further suggests that both stenosis and occlusion of a symptomatic intracranial artery may have an impact on the risk of clinical recurrence. We were able to assess the influence of vascular lesion location and found that only proximal vessel lesions were associated with increased risk of early recurrence. Patients with such vascular lesions were at high (27.3%) risk of early recurrence in our study. The sensitivity of MRA was, however, low at 33.3%, suggesting that additional diagnostic features need to be investigated to improve estimates of the risk for early recurrence in individual patients.
DWI was not correlated with the risk of early recurrence in our study. This finding is at variance with those in previous reports, which have consistently demonstrated the value of DWI as a marker for the identification of patients at high risk of early stroke after TIA. 6, 7, 14, 15 It is possible that the relatively small sample size of our study explains this negative finding. Nevertheless, the proportion of patients with acute infarction (32.5%) was comparable with that reported (27.6%) in a large collaborative survey including 4574 patients. 6 DWI abnormalities were strongly correlated with MRA lesions in our study. The sensitivity of DWI for early recurrence was similar to that of MRA. In contrast, the specificity of DWI was weaker. MRA was thus more accurate than DWI as a predictor of early recurrence after TIA.
The ABCD 2 score is a clinical tool designed to predict stroke within 7 days after TIA. The scoring system has been widely implemented to guide triage of patients. Our study confirms that patients with elevated ABCD 2 scores have a higher risk of early recurrence. However, MRA remained a significant predictor of early recurrence in a multivariate analysis adjusting for the ABCD 2 score. Combining MRA and the ABCD 2 score identified all patients with subsequent early recurrence.
Symptomatic extracranial carotid stenosis is an unstable condition associated with early risk of recurrent stroke. 16 We could not confirm this association in our study, possibly be- cause there were only 12 patients with such arterial lesions. In addition, specific care of these patients, including screening for microembolization, combined antiplatelet therapy, and early carotid endarterectomy, may have reduced the incidence of recurrent stroke. There are some potential limitations to our study. A relatively long time to admission might have led to a selection bias if some high-risk patients had stroke very early after TIA and therefore were not referred to the TIA clinic. We limited our analysis to patients evaluated within 24 hours of symptom onset to reduce this potential bias.
One-fifth of patients admitted within 24 hours of symptom onset during the study period could not be included in the present analysis because MR imaging was either contraindicated or could not be performed in due time. Timely access to MR imaging is a relevant issue in most communities and sev- Note:-DWI indicates acute infarction on DWI; MRA, distal or proximal stenosis or occlusion of symptomatic intracranial artery on MR angiography; MRA proximal, proximal stenosis or occlusion of symptomatic intracranial artery on MR angiography. eral academic centers. Because our findings suggest that MRA might be more accurate than DWI as a predictor of early recurrence, further work should ascertain the predictive value of more accessible vascular imaging modalities such as CT angiography or transcranial color-coded sonography.
The number of recurrences was very low in our study. Thus, although the association of proximal lesions on MRA with early recurrent stroke/TIA was statistically significant, our findings need to be confirmed in a larger number of cases.
The Stroke Outcomes and Neuroimaging of Intracranial Atherosclerosis trial showed that MRA could reliably exclude the presence of 50%-99% stenosis of large proximal arteries on angiography. However, the positive predictive value of MRA was not as good. 17 Similarly, we found that MRA performed better at excluding early recurrence than at identifying it. This may suggest that TOF-MRA is not the best test to identify patients at risk. It is possible that technical improvements, such as using 3T MRA or gadolinium, may improve the positive predictive value of MRA for stroke/TIA recurrence.
We could not determine the nature of MRA lesions. Occlusion could result from embolism or in situ thrombosis. Stenosis is usually attributed to intracranial atherosclerosis but can also result from partial lysis of embolus. The association of MRA lesions with diabetes-a known risk factor for intracranial atherosclerosis 18 -favors intracranial atherosclerosis as the more likely underlying lesion in our study. However, serial examinations would have been necessary to definitely distinguish emboli from intracranial atherosclerosis.
Conclusions
The present study highlights intracranial MR imaging features associated with early recurrent stroke/TIA after TIA. Patients with steno-occlusive arterial lesions, specifically proximal lesions, are at high risk of recurrent neurologic events in the 7 days after TIA. Findings suggest that imaging of intracranial arteries should be included in the initial evaluation of TIA to improve triage of patients and tailor secondary prevention. 
